Aims: The aim of this study is to have a pictorial review on the role of 64-slice multi-detector computerized tomography (MDCT) in detecting post coronary artery graft (GABG) cardiothoracic complications. Materials & Methods: During the period from November 2012 to December 2013, a prospective evaluation of 40 patients with suspected post-operative cardiothoracic complications underwent MDCT coronary angiography in our clinical radiology department. Informed consent was obtained from all patients and the study had institutional review board approval. Descriptive statistics were used to analyze the data. Results: There were 35 males and 5 females, their mean age ± (SD) of 57 ± 3.9 years. A total of 60 grafts were available for evaluation. Two patients could not be evaluated due to clip-artifacts and advanced atherosclerotic disease. Eleven patients showed occluded graft (9) at proximal and distal (2) anastomosis. Seven patients showed pericardial effusion and pleural effusion (8). Two patients had chest wall infection with retrosternal extension and associated mediastinal involvement. One patient showed aneurysm at the re-implanted coronary artery after Bentall procedure, another patient had postoperative myocardial infarction, one patient showed dissection of the ascending aorta, one patient pseudoaneurysm of left ventricle, two patients localized pericardial hematoma, two patients pulmonary embolism, and two patients showed pneumonia. All these complications occurred from 1 -60 days from surgery. Conclusion: HD MDCT is an easy non-invasive technique which showed to be effective in diagnosis of most postoperative CABG cardiothoracic complications and is gaining more ground in difficult clinical situations. 
Introduction
Over the last decade, advances in computed tomography (CT) technology have revolutionized the diagnosis of cardiovascular disease, reduced the need for diagnostic arterial catheterization, and became an invaluable tool in the diagnosis and pre operative evaluation of coronary disease [1] . Moreover, Multidetector CT (MDCT), introduced into clinical practice in 2000, has demonstrated excellent detection of significant coronary lesions with a high degree of diagnostic accuracy and showed excellent capability of excluding coronary lesions, due to high negative predictive values, which ranges from 96% to 99% [2] .
Complications of open heart surgery for coronary artery disease (CAD) can be categorized into two groups: graft related and non-graft related surgical complications. The graft related surgical complications of coronary arteries include spasm [3] , graft thrombosis [4] [5] , malposition, kinking [5] [6] , and iatrogenic complications such as retained clips, aneurysm and pseudoaneurysm of graft and ascending aorta, ostium stenosis and occlusion of coronary artery after Bentall procedure [6] - [9] . The non-graft related surgical complications include pleural and pericardial effusion [10] - [17] , sternal and mediastinal infections [16] - [19] , mediastinal hematomas [18] [19] , and pulmonary embolism [3] - [20] . Many authors have demonstrated that CT is an invaluable tool in the assessment of post-operative complications after CABG as it is accurate, reproducible, short time, but with a diagnostic level of radiation dose to the patient [1] - [9] .
The aim of our present study is to form the basis of a pictorial review on the role of 64-slice HD MDCT in detecting post CABG cardiothoracic complications in our group of patients scanned at our center in clinical radiology department Hospital in Kuwait City.
Materials & Methods

Patients
During the period from November 2012 to December 2013, a total of 40 patients with suspected post-CABG cardiothoracic complications underwent MDCT coronary angiography in the clinical radiology department in our Co-Operative Union Cardiac hospital in Kuwait. Informed consent was obtained from all patients and the study had institutional review board approval.
MDCT Examination Protocol
A combination of oral and intravenous beta-blockers has been used prior to the examination. Patients with heart rate >70 beat/min received beta-blocker, 100 mg Atenolol (Tenormin, AstraZeneca, Wedel, Germany) orally 1 hour before the scan. If heart rate was still >70 beat/min 5 mg, metaprolol (Beloc, Astra Zenica, Wedl, Germany) was administered intravenously [6] . No adverse reactions to beta-blocker were recorded.
All examinations were performed by using a 64-slice MDCT scanner (GE Discovery CT750 HD, GE Medical Systems, Milwaukee, USA). Monitoring of the electrocardiogram was performed continuously during the examination, and all image acquisitions were made during a single inspiratory breath-hold. An anterio-posterior and lateral scout acquisitions from clavicle level to the diaphragmatic face of the heart were obtained in each patient to determine the position of the heart and define the scan volume for further imaging. The scan parameters were: 32 × 0.6 mm collimation, rotation time 330 ms, table feed 3.8 mm/rotation; tube voltage 120 kV; efficient mA 770.
For all examinations, 130ml of iodinated contrast agent (Iodixanol, Visipaque 320 mgI/mL, GE Healthcare, Milwaukee, USA) was injected through an 18-gauge cannula positioned in the antecubital vein at a flow rate of 5 ml/s. Before the scan, each patient's individual bolus transit time was determined in the lumen of the ascending aorta using 30 ml intravenous contrast agent at a flow rate of 5 ml/s. The time interval between the bolus injection and the maximal enhancement was measured, and the starting time of the scan was calculated as 3 seconds after the transit time of contrast agent. Smart prep was used in some cases with suspected pulmonary embolism and in patients with arrhythmia.
For all patients, the standard built-in reconstruction algorithm was used for image reconstruction. The data sets were reconstructed with small field of view (FOV)confined at the heart and with a slice thickness of 0.625 mm and 0.40 mm increments during the mid to-end diastolic phase, 65% to 75% of the R-R interval. A second dataset was reconstructed with a large FOV to include the entire chest in each cross section with a slice thickness of 5 mm.
All acquired data were transferred to a separate computer workstation (Advanced workstation 4.2, GE Healthcare, Milwaukee, USA) equipped with CardIQ software (GE Medical Systems). Depending on vessel morphology and quality of the MDCT data set, different post-processing techniques such as maximum-intensity projection (MIP), curved multiplanar reconstruction (CMPR), and volume rendering (VR) were applied to assess the origin and course of the coronary vessels. High definition mode was used in all the scans. Gated coronary CT angiography software (Snap-shot Pulse, GE Health care, Milwaukee, USA) was used in 5 patients. Padding of the tube-on time was used to allow the reconstruction to adapt to minor heart rate variation. Patients were scanned with maximal padding of 200 ms in high-definition mode [9] . The CT examination was performed by an experienced radiologic technologist (A.M.A.). The interpretation of CT images was performed by a senior radiologist (I.M.H.) with an experience of over 15 years exclusively in cardiovascular imaging.
Statistical Analysis
Results were collated and entered into a database (Microsoft Excel 2003) detailing patient characteristics, graft complications, and patient complaints. The data was analysed using statistical package for social science (SPSS) version 21 for windows. The patients' characteristics, graft complications, and complaints were analyzed using descriptive statistics documenting their number.
Results
Forty patients constituted the study group. There were 35 males and 5 females, their ages ranging from 39 to 60 years with mean age ± (SD) of 57 ± 3.9 years. Young study population is due to a multifactorial risk factors. Patients demographics and characteristics are summarized in Table 1 . Four out of 40 patients developed mild allergic reactions such as nausea, vomiting, and erythema but they managed to complete the scan. All patients had a heart rate of 50 to 60 beats/minute at the time of scan acquisition.
A total of 60 grafts were available for evaluation. There were 20 arterial and 40 venous grafts. Graft characteristics of these 40 patients are summarized in Table 2 . The patients' complaints are summarized in Table 3 . Age (years, Mean ± SD) 57 ± 3.9
Time postoperative symptoms (days, Mean ± SD) 32 ± 13
Diabetes 15
Hypertension 30
Hypercholesterolemia 29
Increased serum triglyceride 20
Atherosclerosis 18
Obesity 10
Smoking 15
Previous myocardial infarction 1 Table 2 . Graft characteristics.
Graft Characteristic Number of Grafts
Number of grafts 60
Single arterial grafts 12
Sequential arterial grafts 8
Single venous grafts 22
Sequential venous grafts 18
Total number of nongrafted vessels 12
Left anterior descending coronary artery (LAD) 2
Left circumflex coronary artery (LCx) 3
Right coronary artery (RCA) 7 Table 3 . Patient complaints.
Patient Complaint Number of Patients
Chest pain 40
Respiratory distress 40
Fever 7
Dry cough 2
Productive cough 2
Two patients could not be evaluated due to clip-artifacts and advanced atherosclerotic disease. Nine patients had graft occlusion at proximal anastomosis and 2 patients at distal anastomosis. Seven patients showed pericardial effusion and 8 patients pleural effusion (Figure 1(a) and Figure 1(b) ) diagnosed earlier by echocardiography and chest X-ray. Two patients had chest wall infection by clinical examination, the diagnosis and extent (retrosternal extension and associated mediastinal involvement) of which was confirmed by CT (Figure 2(a) and Figure 2(b) ). One patient showed aneurysm at the re-implanted coronary artery after Bentall procedure (Figure  3(a) and Figure 3(b) ). One patient showed postoperative myocardial infarction and1 patient dissection of ascending aorta (Figure 4) . Another patient showed pseudoaneurysm of left ventricle, previous echocardiography revealed the possibility of diagnosis, but CT confirmed the findings and determined type and extent of the aneurysm (Figures 5(a)-(c) ). Two patients had pericardial hematoma which was missed by echocardiography, 2 patients showed pulmonary embolism, and 2 patients showed pneumonia where the plain chest X-ray was normal.
Discussion
This study was undertaken to form the basis of a pictorial review on the role of CT in detecting post CABG cardiothoracic complications. In our study all grafted and non-grafted vessels were visually classified as abnormal if they showed ≥50% luminal narrowing and/or vessel occlusion. MDCTA was used as it is considered quick, reproducible, and less invasive than other procedures especially in high risk patients where the referring surgeons or treating physicians need clinical answers before treating the patient. Stein PD, et al. and Hausleiter J, et al. [4] [5] showed the accuracy and sensitivity of CTA in the detection of graft stenosis/occlusion. They identified difficulties in visualizing grafted vessel lumen, including: venous against arterial graft, presence of vascular clips which cause artifacts, cardiac motion, atherosclerosis, and site of the graft.
Several authors demonstrated that the diagnostic accuracy of MD CTA in assessment of grafted and nongrafted vessels was considerably lower (73% to 85%) [1] whereas other authors found its accuracy to be 100% [2] - [12] . However, majority of these authors agreed that the accuracy for the evaluation of distal anastomoses is lower. Metallic artifacts caused by surgical clips may limit the assessment of segments of internal thoracic grafts. Analysis of native vessels is often more difficult in patients who have received coronary artery bypass grafts because of poor distal vessel opacification, more extensive calcification, and smaller diameter lumen size of the grafted vessel.
In our study there were 8 patients with pleural effusion, seven on the left and one in the right side. They were complained of chest pain, heaviness and fullness. One study mentioned that pleural effusion is common after cardiac surgery particularly on the left side, with patients complaining from chest pain or heaviness, shortness of breath and hypoxia [13] . Moreover, pulmonary embolism was presented in two of our patients and these patients complained from chest pain, respiratory distress and were categorized as grade III and IV of respiratory distress. It is reported that the incidence of pulmonary embolism ranges from 0.5% to 3.5% and these patients were complained from shortness of breath and/or reduced exercise tolerance [14] . Also in our present study there were two patients who developed pneumonia and presented with productive cough and low grade fever. An author mentioned that most common cause of pneumonia is ventilator associated pneumonia and patients complained of cough, expectoration, and fever [13] . There were 15 patients found to be smokers in our group of patients. It is reported that smoking patients have a higher incidence of pneumonia [14] .
There were seven patients complaining of low grade fever due to post-pericardiotomy syndrome and pneumonia and one patient developed high grade fever due to chest wall infection with presence of fistulous tract. It was reported by Zain LK et al. [14] that the noninfectious causes of fever in postoperative open heart surgery is myocardial infarction, post-pericardiotomy syndrome and drug induced fever. However, the infectious causes include wound infection, urinary tract infection, pneumonia, catheter sepsis, and loculated areas of contaminated blood accumulation in pericardial, pleural, retroperitoneal and leg wound spaces. In the present study there were two patients with chest wall infection, one patient had superficial wound infection but the other patient developed deep sternal wound infection with sinus formation. Durham and Gold [15] stated that the incidence of deep sternal wound infection varies from 0.4 to 5%. Shirani and Soleymanzadeh [21] mentioned that obesity, diabetes and bilateral internal mammary grafting increase the risk of sternal infection. Fifteen of our patients in the present study were diabetic. Two patients from the study group had localized pericardial hematoma post Bentall procedure and following CABG operation. Kapoor et al. [16] reported a case of delayed complications related to retained epicardial pacing wires left in situ with consequent organized pericardial hematoma around the wires presenting three months following aortic valve replacement surgery especially in patients on long term oral anticoagulants. Also there were seven patients with pericardial effusion. Ashikhmina AE et al. [17] & Floerchinger B et al. [18] stated that pericardial effusion is common in patients after open heart surgery due to postoperative bleeding or post-cardiotomy syndrome. They stated that up to 60% patients often presented with pericardial effusion. They concluded that majority of pericardial effusions after cardiac surgery were localized and frequently located in posterior pericardium or near the right atrium and ventricle with limited accessibility by echocardiography, making them a diagnostic challenge. Diagnostic accuracy of echocardiography is limited in patients after open heart surgery, therefore MDCT is a reasonable alternative for supplemental diagnostic imaging to assess suspected delayed cardiac tamponade in high risk patients after open heart surgery.
In our study there was one patient found to have pseudoaneurysm of left ventricle ( Figure 5 ) whose echocardiography had raised the possibility of diagnosis. Mao C et al. [19] and Makkuni P et al. [20] mentioned that pseudoaneurysm of left ventricle originated form basal inferio-posterior wall of the left ventricle, its incidence is rare andits cause includes myocardial infarction, cardiac surgery, infectious endocarditis and chest trauma. One patient had aneurysm at the re-implanted coronary artery after Bentall procedure. MeherwalZS et al. [22] mentioned that late complications of the Bentall procedure were false or true aneurysm of the arterial button, coronary artery or both.
There were 10 obese patients in this study and they developed more than one complications. Demir A et al. [23] mentioned that obesity does not increase short term mortality for open heart surgery, however, it increases the risk of postoperative pulmonary complications and discharge with morbidity.
ECG gated cardiac MDCT is invaluable following CABG, detailed anatomical information of the heart chambers, pericardium and accurate dynamic evaluation of myocardial function, perfusion and integrity as well as noninvasiveness for diagnosis of postoperative cardiothoracic complications following open heart surgery and it is an excellent, quick, and safe techniques for follow-up. The future of HD MDCT is promising especially in the field of detecting coronary artery disease. One of the limitations of our study is the sample size, and variations of age and sex. This group might not represent the overall population but this data formed the basis of a pictorial review on the role of CT in detecting post CABG cardiothoracic complications. Further studies are needed in larger patients' samples to explore the value of 64-slice HD MDCT in detecting postoperative CABG cardiothoracic surgery complications. Also further studies are needed to compare between HD MDCT and other I. M. Helmy et al. imaging modalities such as coronary angiography and/or magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) in detecting post-operative cardiothoracic complications following CABG surgery.
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Conclusion
HD MDCT is an easy non-invasive technique which showed to be effective in diagnosis of most postoperative CABG cardiothoracic complications and is gaining more ground in difficult clinical situations.
